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SUMMARY

A double-rsmpcascadeinletwasinvestigatedat a Machnumberof
3.05inordertoascertainthepenaltiesassociatedwithdecreasingthe
lengthof inletsby meansof cascades.Total-pressurerecoveryandprofile
distortionofthecascadeinletwerecomparedwitha similarsingle-
passageinletthatcapturedthesamemassflow. Thecriticaltotal-
pressurerecoveriesofthecascadeandsingle-passageinletwere0.56and
0.59,respectively,althoughthepeakrecoverieswere0.56and0.62,re-
spectively.This0.03to0.06lossinrecoverywasaccompaniedbyan
improvementinprofiledistortion.However,a ratherseverepressureand
mass-flowdiscontinuityexistswhenthecascadeinletgoesintosubcritical
operation.Pressurerecoverydecreasedfromthepreviouslymentioned
valueto
positive
pressure
positive

The

0.38,whilethemassflowdroppedfroml-to0.64.-Inaddition,
angle-of-attackperformancewasextremelypenalized;thetotal-
recoveryboppedapproximately0.28percentagepointsfora
angleofattackof 6°.

effectofmaintainanceof separateflowpassagesthroughoutthe
inlethadno discernibleeffectuponthecriticalandsupercriticalinlet
performance.

INTRODUCTION

Theductingbetweentheentranceofa supersonicinletandthecom-
pressorfacecanassumeanundesirablelengthinpresent-dayandfuture
high-speedaircraft,primarilybecauseoftheslowdiffusionratesre-
quiredforhigh-performancesubsonicdiffusers.Thelengthcan be de-

creasedby increasingtherateofsubsonicdiffusionandacceptingthe
resultingtotal-pressurelosses.Anothermethodthatcanbe usedto

.

●
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shortentheinletisthecascadeprinciple.Ifa groupof smallinlets
arearrangedinsucha mannerthatthe“starting”conditionofanyoneis
notalteredby thegrouping,a considerablereductionindiffuserlength
canbe realized.Inadditionto a reductionindiffuserlength,thereare
severalotheradvantagesassociatedtiththecascadedesign.

@ phenownonwhichisa functionofdiffuserlengthwillbeaffect-
edby theuseofa cascadeinlet.Iftheprofilesassociatedwitha par-
ticularinletarepoor,amplemixinglengthmustbe providedinorderto
obtainuniformprofiles.Hawever,nonuniformflowsdischargingfromthe
exitsofa groupof smalldiffusersintoa,commonchauibertendtomix
morerapidlythanflowsdischargingfroma singlelargediffuser.Conse-
quently,mixinglengthshouldbesubstantiallyshorterwithcascade
diffuser~.

Notonlywilllengthdimensionsbe substantiallyreducedbycascading
theinlet,buttheheightmeasurementsof individualelementswillbe
reduced.Theprojectedcowlareaand,consequently,cowlpressuredrag
wouldthusbe reduced,sinceonlyoneelemsntcontributestotheexternal
drag● Thefrontalareaoftheotherelementsareusedinthecompressions
oftheinternalflow. Of course, anyprojectedareapresenton side
plateswouldnotdiminish.

Sofarthediscussionapplieseqpally”welltoaxiallysymmetricinlets,
sideinlets,andtwo-dimensionalinlets.Eachtype,though,haspartic-
ularadvantagesanddrawbacks.Inaddftiontotheadvantageofflat
surfacesthatmaybe socontrolledthatoff-designflightoperationis
possible,a certaindegreeofversatilityinapplicationexistswith
two-dimensionalcascade-typeinlets.Thetotalcapturedmassflowand,
consequently,thrustcouldbe variedby stackinga numberof individual
elementsforuseina varietyofmisstles.

Muchworkhasbeendonewithtwo-dimensionalsingle-passagediffusers
at variousMachntiersbutlittledataexistforthecascadeinlet.
DatapresentedatMach3 (ref.1) indicatethata pressurerecoveryof
0.45ispossiblefora cascadediffuser.Howeverjno evaluationofthe
cascaderelativetoa single-passageinletwasmade. Therecoverythat
wasobtainedin reference1 couldprobably”beincreasedby designingfor
a highertheoreticalperformance.An experimentalinvestigationofa
highperformance(theoretical)cascadeinletata Machnumberof3 w=
undertakeninorderto ascertaintherelativemeritsofthistypeof
inlet.Theelementsofthecascadeweredesignedinthesamemanneras
a single-passageconfigurationpreviouslytestedat theLewislaboratory
(ref.2).
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mass-flowrate

totalpressure

staticpressure

angleofattack

increment

Subscripts:

av average

o free-streamvalues

APPARATUSANDPRocEDum

Testswereconductedinthe18-by 18-inchsupersonicwindtunnel
ata free-stream~ch nuniberof 3.05andsimulatedpressurealtitudeof
80.~0 feet.Reynoldsnuderbasedonbodyheight(4in.)was0.5Xl@
anddewpointte=atures rangedfkom-250-to-5°F;

Theindividualelementsof thisinletwerethesameas
wedgeinletofreference2. !lheleadingedgesofthethree
staggeredtoformanangleequalto theobliqueshockangle
1~ deflectionof thefirstwedge.Thesecondwedgeofthe

thedouble-
elementsare
oftheinitial
double-wedge

compressionsurfacedeflectedtheflowan addilxional15°withitsoblique
shocktheoreticallyintersectingtheinitialshockattheleadingedge
ofthelip. A near-maximmint=nalcontraction(forse~ starting)was
incorporatedinthedesign.Thisnecessitatedturningtheflowat the
lip7°backtowardsaxial.
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Becausetheseelementsareso canted,the
isgivenby

Lc=~+~~tanqn
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lengthofthecascadeLc

where L isthelengthoftheequivalentsingle-passagecomparisoninlet,
D itsheight,q thesweepangle,and n isthenumberofpassagesin
thecascadeconfiguration.Forthethree-Tassageinletsinvestigated,
thereductioninlengthwasapproximatelyone-half.However,thetotal
wettedsurfaceofthediffuserwasabouteight-tenthsthatofa single-
passageinlet,indicating,perhaps,thata reducticminweightaswellas
sizecanbe realized.

Thecowlpressuredragassociatedwiththecascadeconfigurationwill
be ap~roximatelyl/n timesthepressuredragof thecomparisoninlet.
Thisdragreductionmaynotbe realized,however,sincecascadinga two-
dimensionalinletwillnotdecreasethepressuredragsofthesideplates.
Iftheside-platedragisassumedtobe one-halfthetotalandisnot
reducedby cascading,thepressuredragassociatedwiththecascade
configurationwillbe approximately(n+ 1)/2ntimesthatofthe
comparisoninlet.

Inthepresentinvestigation,threediffusionpassageswereselec-
tedmainlybecauseof existingpartsandtunnelsize.No optimization
wasconsidered.Thepresentconfigurationdecreaseddiffusionlength
by roughly50percentandcowlprojectedareaby 44percent.

An insideviewofthethree-element,singlesettling-chambermodel
includingthechamberpressureinstrumentationisshowninfigurel(a).
Massflowiscontrolledby a singleplugatthesettling-chaziberexit.
Mass-flowratioswereobtainedfrommeasurementsofthestatic-and
total-pressureratiosforknownvaluesofexit-to settling-chamber
arearatios.A variationof internalcontractionwasaffectedly
translatormovementoftheelementsina streamwisedirection.

Instrumentationconsistedof static-pressureorificesinthethroat
~d thesubsonicdiffuser,a downstreamrakestation,anda total-
pressureprobethattranslatedintheplaneformedby thetrailingedges
oftheelements.TwoStathamgagesconnectedto orificesonthetopand
thesideof thesettlingchamberwereusedformeasuringpressurefluc-
tuations.A schematicdiagram
shownififigures2(a)and(b).

ofthemodelandtheinstrumentationis
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Figurel(b)showsa variationofthismodelwiththetwobottompas-
sagesinoperativeandwiththechangesin instrumentationforthistest,
includinga newtotal-pressurerakeat thediffuserexit. However,the
static-pressureorificesforthispassage,thedownstreamtotal-pressure
rake,andtheexitplugarethesameasforthemodelshowninfigurel(a).

An additionalthree-passage(cascade)inletwasinvestigated,in
whichthepassageswereseparatedto theexit,formingessentiallythree
individualinlets.lhssflowineachpassagewascontrolledbyan individ-
ualexitbutterflyvalve.Locationsof static-p~ssureorificesinthe
throatandofthediffusertotal-pressurerakewerethesameas inthe
otherinlets.Massflowineachoftheindividualpassagesofthetriple-
exitcascadewasdeterminedfromstaticpressuresandarearatioacross
an exitnozzle.

RESUZTSANDDISCUSSION

Zero-Angle-of-AttackPerformance

Pressurerecoveriesandfluctuations.- Theprincipaladvantagesof
thetwo-dimensionalcascadeinletareassociatedwithitsspace-saving
featuresandreductionincowldrag. Theseadvantages,however,must-be
comparedwitha probabledecreasein inletperformance.Thepressure
performanceof thecascadeinletthathasa commonplenumchamberand
singleexitispresentedinfigure3 alongwiththeperformanceofthe
previouslytesteddouble-wedgeinlet.Representativeschlierenphoto-
graphstakenatvariousoperatingconditionsarepresentedinfigure4.
As thebackpressureinthesettlingchamberwasgraduallyincreased,the
total-pressurerecoveryincreasedat constant,nearunity,massflowto
a valueof0.56.Beyondthispoint,thenormalshockwasexpelledfrom
thebottompassageandpositioneditselfaheadoftheentrance.The
inletwouldthenoperateata condition(branchB) wherethepressure
recoverywas0.375”andthemassflow,0.64. Sincethereductioninmass
flowwaslsrgerthsn1/3,flowreversal(anetupstreamflow)existedin
thebottominlet,whilethemiddleandthetoppassageswereoperating
supercritically.Reductionofthebackpressuregavenoticeableevidence
ofa hysteresisloopwheretheshockagainreswallowed(dashedlines,
fig.3(a)).Theoperatingconditions(branchB) necessaryforthebow
shocktoreswallowwereratheruncertainsince theyvariedfromrunto
runandwereprobablyresponsiblefortheerrorintheslopeofthe
discontinuityline.WiththeinletoperatingonbranchB, a changein
thebowshockconfiguration(fromweakto strongshock)occurredahead
ofthebottompassageata definitevalueofmassflow. Thischangein
bow-shockconfiguration(seefig.4)wasaccompaniedbya shiftindif-
fuseroperationtobranchC ofthecurveof thetotal-pressureratio
P/P. againstmass-flowratiom/~. Theshockpatternthenremained
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essentiallyunchangedfora rangeinreducedmassflowuntila secondso-
called“criticalpointf’wasreached,atwhichtimethenormalshockwas
expelledfromthemiddlepassage.

Thepressurefluctuationsinthesettiingchamberthatarepresented
infigure3(b)variedconsidez%blyduringsubcriticaloperation.They
becamequitelargeat thelowermassflowsandthuseliminatedthe
hysteresisloopbetweenbranchesC andD (fig.3(a)).Inaddition,there
werespecificregionsofmass-flowoperationwherepressurefluctuation
Ap/P(fig.3(b))becamequitelarge.Ifthebottompassageoperated
subcrltically(branchB, fig.3(a)),a highfluctuationoccurredwhenthe
massflowwasincreased(fig.3(b)).Operatingconditionsforextremely
lowvaluesofmassflowwerenotobtainedbecauseofthemagnitudeof
thesedisturbances.Althoughthemagnitudeofthepressureperturbations
inthesettlingchamberwaslowincertainregionsofmassflow,thesize
ofthepressurechangeat thediscontinuitywasratherlarge.

Thestatic-pressuredistributionsofthecascaded~fusionprocess
arepresentedforcritical-pointdatainfigure5(a).Evidencethatthe
flownearthethroatwasfarfromuniform~d one-dimensionalwasob-
tainedby notingthatstaticpressuresonadjacentwallsofthesame
passagewerenotidentical.Forcomparison,thewallstaticpressures
forvariousoperatingconditionsarepreseritedinfigures5(b),(c),
and(d). Theextremeflatnessofthestatic-pressureprofilesinthe
subcriticalpassagesindicatesverylowflowrates.Bothforwardand
rearwardfacingtotal-pressuretubesplacedinthediffuserindicated
flowreversalduringsubcritical-operation..Inaddition,itmaybe seen
fromfigure5(b)thatsincetheterminalshockinthediffuserdoesnot
causea distinctstatic-pressurerise,considerableboundary-layer
separationmustexist.

Flowdistortion.- Theeffectofreverseflowandboundary-layer
separationuponthetotal-pressureprofileisseen-infigure6,where
theprofilesareplottedforvariousoperatingconditions.Inaddition
totheprofilesatthediffuserexit,profilesarealsopresentedata
downstreamstationthatis10 inchesupstreamofthediffuserexitof
thecomparisonsingle-passageinlet.Theprofiledistortionat critical
operationis14.5percentatthecascadediffuserexitand3.6percent
atthedownstreammeasuringstation.Forthesingle-passagecomparison
inlet,thedistortionwas10percentata stationfartherdownstream
thantherearwardmeasuringstationofthecascade.Consequently,for
equal lengths of diffusionplusmixing,thecascadeinletyieldedlower
distortions.As canbe seeninfigure6(a),thepressurefluctuationwas
approximatelythesameforeachofthethreepsssages.Moreover,the
flowbetweenanytwoadjacentpassagesseemstobe symmetricaboutthe
splitterplates;forexample,iftheflowseparatesonthelipsideof
thebottompassage,itseparatesoffthewedgesideofthemiddlepassage
andthelipsideofthetoppassage.At subcriticaloperation,a similar
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effectwasnoticed(fig.6(?I))inthatthelow-pressuresideof one
supercriticalpassagewasalwaysadjacentto thelow-pressuresideofthe
othersupercriticalpassage.Thetotal-pressureprofilesfora condition
in whichonlyoneofthethreeinletsisoperatingsupercriticallyis
presentedinfigure6(c).Thedistortioninthesupercriticalpassageis
quitehigh,beingontheorderof 63percent.Thisiscausedby the
highlysupercriticaloperationofthatpassagesincetheexitstatic
pressureofthethree~ssagesshouldbeidentical.However,at the
downstreammeasuringstationthepressurefluctuationislow,being
closeto zero.

Comparisonwithsingle-passageinlet.- Forcomparisonpurposes,
theperformanceofa single-passageinlet,whichwasdesignedinthe
samewayasthecascadediffuserandwhichcapturedroughlythesame
massflow,ispresentedinfigure3(a). Thetotal-pressurerecoveryof
thecascadeinletis0.03to0.06lowerthanthesingle-passageinlet
dependinguponwhetherthecomparisonismadebetweencriticalormaximum
recoverypoints.It issomewhatdifficultto determinewhetherthis
loss(comparingcriticalpoints)isduetotheadditionalfriction
surfacesor dueperhapstoa misalinementof thecascadepassage.Since
theindividualinletsarerathersmallandinternalcontractionwasin-
corporatedinthedesign,therewassomedifficultyinutchingthe
contractionofthethreepassages.Becauseofthenonuniformityofthe
flowinthethroatsection,itwasimpossibleto ascertainsymmetryof
thethreepassagesfromstatic-pressuredata.

Theeffectoflongitudinalelementmisalinement(misalinedtippro-
jection)inthecascadeinletwasinvestigatedby varyingtheinternal
contractionof thethreepassages.Thetipprojectionof eachelement
wassovariedthattheinternalcontractionratiochangedfrom1.19to
1.09. Performanceofthisinletispresentedinfigures7(a)and(b)
andindicatesonlya slightchangeintotal-pressurerecovery(0.01)
anda 0.04to0.05changeinmass-flowratio.Therecoverydifference
couldbe withintheconsistencyofthedata.A schlierenphotograph
at supercriticalconditionsispresentedinfigure7(c).

Theoriginof someofthelossesassociatedwiththecascadecanbe
determinedby comparingthecascadeperformancewiththatofa single
element.Thiscomparisonwasaccomplishedby insertinga woodenblock
inthemiddleandbottompassages.Thevariationoftotalpressurewith .
massflowandthetotal-pressureprofileobtainedatthepeakrecovery
pointarepresentedinfigures8(a)and(b),respectively.Thecritical
pointisverycloseto thatobtainedforthelargersingle-passage
comparisoninlet.Thepeaktotal-pressurerecovery,though,isnotas
largeperhapsbecauseoftheabsenceof stablesubcriticaloperation.
Thiswouldindicatethatthereisno effectof scaleorReynoldsnurher
basedon inletheightonthepressurerecovery(intherangeinvestigated)
andthatthedifferenceinperformancecannotbe attributedto difference

9-$
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insize.However,theoff-designcascadeinlet,purposelymisalined, v

indicatedthatsmallchangesininternalcontractioncouldnotaccount
—

forallthedifferencetntherecovery.Inaddition,sincethetotal
surfaceareahasnotincreasedforthecascade,thelossesprobablycan-

--

notbe assignedtoan increasedfrictiondrag.Anotherpossiblecontri-
butingfactor,otherthanmisalinementandfriction,may“accountforthe

=

unexplainedportionofthetotal-pressure-recoverydifference.The
—

total-pressureprofilesnearcritical(fig.,5)indicatethattheflow
didnotalwaysseparateonthessmesideofthediffusionduct. C!onse- ——

quently,terminal-shocklocationandcritical-pointrecoverymaybe
differentforthevarious.passages.

E.- Ua.

Angle-of-AttackPerformance
—

Pressurerecoveries.-Because oftheinterdependenceof operation
—

ofthethreeelementsinthecascadediffuser,thean le-of-attackper-
—

formanceisofaddedinterest. %0Theperformancesat 3 , 6 , and-3°arepre-
sentedinfigure9. Thepeaktotal-pressurerecoveriesatthesethree

.

conditionsare0.38,0.275,and0.44,respectively,whereasthecorres-
pondingmassflowsare0.86,0.65,and0.91.At positiveangleofattack, .
theinletoperatedconsiderablydifferentfromzeroangle,thatis,
therewereno longerdistinctbranchesandhysteresisloopsonthetotal-
pressureperformancecurves.Thiswasundo~btedlyduetothestrong

.
d

detachedshocksalwayspresentduringsupercriticaloperation,which
eliminatetheinternalcompressionoftheinlet,permittingvariationin

.*

massflowwithoutchangesintheinitialshockstructure.photo~aphsof
theseshockstructuresarepresentedinfigures10(a)and(b);thenegative
angleofattackispresentedinfigure10(c)YThesettling-chamber
static-pressurefluctuationsfortheseanglesofattackwe presentedin
figure9. *-

Flowdistortion.- Theeffectofangleofattackuponthetotal-
pressuredistortionispresentedinfigure11forcritical-pointoperation.
Thepercentageofdistortionbecomesquitelargeatpositiveangleof
attack,reachinga valueof50percentat 3°and83percentat 6°.
Eventhedownstreamstationhasa ratherhighdistortion,about20percent
at 6°angleofattack.At a 3°angleofattack,distortionsarecomparable
withzero-angle-of-attackdata.Averagetotalpressuresofeachofthe
threepassagesareno longeridenticalasat zeroangleofattack.At an
angleofattackof3°thereisa differenceof0.10betweenthepeak

.—

total-pressurerecoveryofthetopandbottompassagefij at6°thereisa
differenceof0.18;andat -3°thebottompassagehas0.06higherrecovery
thanthetoppassage.Unfortunately,thereareno angle-of-attackdata

.-

forthecomparisonmodel.
.

—

.
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EffectofMaintainingSeparateFlowPassages

Thepeaktotal-pressurerecoveryandsupercriticalmassflowfor
theconfigurationhavingthreeseparatedpassagesandexitsarepresented
infigure12plottedagainstangleofattack.Thepeakperformanceof
thevariouspassagesdiffersgreatlyatangleofattack.Theperformance
ofthecascadewithcommonplenumandsingleexitisalsoincludedinthe
figureforcomparison.It canbe seenthatthetoppassagehasthebest
over-allrecoveryup to an angleofattackof6°,changingverylittle.
However,thebottompassagehasa higherrecoverythanthemiddlepassage,
a resultthatwouldnotbe expected.A possibleexplanationisthatthe
bowshockstandinginfrontofthemiddlepassagehasweakenedsufficiently
whenitpassesthroughthebottom-passagestreamtubesto improvethe
over-alltotal-pressurerecovery.Theperformanceofthesingle-exit
cascadediffuserisalsoshownforcomparison.Thesametrends,and
consequentlythesameconclusion,wereobtainedforthemass-fluwrelation.

‘Total-pressureprofilesarepresentedinfigure13forvariousangles
ofattackat thecriticaloperativecondition.It canbe seenthatthe
hightotal-pressurerecoveryregionisalwaysonthewedgesideofthe
passage...Thisisdissimilartothesingle-exitcascadeinlet(fig.6).

CONCLUDINGREMARIC3

An experimentalinvestigationwasconductedat a Machnurtibernear
3 to ascertaintheperformanceof severaltwo-dimensionalcascade-type
inlets.Theinletswerestaggeredat theinitialshockangle.One
cascadeinletdischargedtheflowat thesubsonicdiffuserexitintoa
commonchamber,anotherdischargedtheflowintothreecompletely
separatesettlingchambers.Thefollowingaretheresultsobtainedfrom
theinvestigation:

1.Thetotal-pressurerecoveryandtherass-flowratioofthecas-
cadeinletwitha commonplenumwere0.56and0.99,respectively.A
single elementyieldeda peakrecoveryof0.59andnear-maximummass
flow. A singlelargeinletcapturingaboutthesamemassflowas the
cascadeyieldeda peakrecoveryanda mass-flowperformanceof 0.62and
0.99,respectively.

2.Eventhoughtherearesubcritical.regionsofmassflowforwhich
thereisfairlystableoperation(settlingchsniberpressurefluctuations
ontheorderof 6 percentexist)theinletdisplayedlargediscontinuities
intotalpressuresat variousoper?tingconditions.Thesemaybe large
enoughtopreventoperationoftheenginesubcritically.

3.Theprofiledistortionofthecascadeinletat criticaloperation
was14.5percentat thediffuserexitand3.6percentat a stationthatis
furtherupstreamthsnthepointatwhichthesingle-passagecomparison
inletyieldeda distortionof10percent.
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4.Thecriticalandsupercriti.calperformancesofa cascadeinlet
w

modifiedtodischargeintoseparateplenumswereapproximatelythesame
at zeroangleofattackas thecascadewitha commonplenum. 9.—

5.Thepositiveangle-of-attackperformanceofthetwocascadedif-
fuserswaspoor,droppingthetotal-pressurerecoveryfrom56percentat

.

zeroangleofattacktoabout27percentat 6°angleofattack.At -3°
angleofattack,total-pressurerecoverywasapproximately44percent.

.

.

Sincethemodeltestedwasnotlargeenoughtoapplyboundary- b.)
layersuctionconveniently,thequestionremainswhetherboundary-layer :
controlcouldsignificantlyaffectthepresentedresults.

—

Ifthesuctionmassflowisseveralpercentof thecapturedmass
flow(realisticformoderateinternalcontractioninlets),boundary-layer
separationinthesubsonicdiffusercouldpossiblybe controlled.Critical -
total-pressurerecoverywouldthenbe near-thatobtainedinthesingle-
passageinlet,thatis,about0.60. Ifallowanceismadefortheremoval
of low-energyair,an additionalcountortwomaybe gained.Consequently, ~_
a total-pressurerecoveryincreaseoffrom0.02to0.05mightbe realized.
Formuchthesamereason,profiledistortionswouldprobablyimprove““

.=
t

somewhat.

Althoughsubcriticalpressurefluctuationsmightbe reducedto insig- i
nificantvalueswithboundary-layercontrol(ref.3),thediscontinuity
ofpressureandmassflowthat occursjustpastthecriticalpointwould
stillexist.Thediscontinuityisnota viscouseffect;it iscontrolled
by diffuserexitstaticpressuresandmass-flowrelations(ref.4).
Suchan inviscideffectcouldnotbe controlledbysmallamountsof
boundary-layerremoval.Sincetheamplitudesofthepressurefluctuations
arenotexceedinglylargeinthepresentinvestigation,suctionwould
improvesubcriticaltotal-pressurerecoveryonlya fewcounts.

Thepoorpositiveangle-of-attackperformanceisanotherprimarily
inviscideffectduemainlytoan increased.free-streamcapturetubeof
airanditprobablycouldnotbe improvedbyboundary-layerbleed.

.

Thus,inconclusion,theeffectofboundary-layercontrolwould
probablyonlyimproverecoveryfrom0.02to0.05,maydecreasesubcritical
pressurefluctuations,andmightimprovetheprofiledistortionsslightly.
Itwouldhavelittleeffectuponthecharacterof subcriticalandangle-
of-attackperformance. —

.—

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,December9, 195? .—_
,<
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Mass-flowratio,m/mo

(b)Pressurefluctuationsin

Figure3.-Performanceofcascadeinlet;
zeroangleofattack;ratioofentrance

settting chamber.

freestreamMachnumber,3.05;
tothroatarea,1.19.
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(E)lkss-rlowratio,O.99;totel-pre6sure.r8tio,O.56;
branchA.

NACARME5TI06

(b)Bottompassageauburltical;msss-flowratio,0.64j
total-pressureratio,O.375;branohB.

(c)Bottom passage subcritical;mess-flowratio,0.48;
total-pressureratio,O.3’7;branohC.

(d)Eottomandmiddlepeaiagesauborltica~j mass-flow

ratio,O.32;total-~essureratio,0.32;branohD.

Figure4.- Sohlierenphotographsofcaacadeinlet;free
streamMoh number, 3.05;%eroahgleofattauk;ratio
ofentranoetothroatarea,1.19.
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(a)ToW-presswe ratio.%

(b)Rcessurefluctuationsin settlingchamber.

(c)8chlierenPhotograph;m/me,0.95;P/PO,0.48.

I?@ure7. - Performanceof cascadeinlet;freestreamMach
number,3.05j zeroangleof attack;ratiod entranceto
throatarea,1.09.
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Figure8. - Performanceof’singleelementofcascadeinlet;
freestresmWch number,3.05;zeroangleofattack;ratio
of entranceto throatarea,1.19.



.-—

22 a!!M!m@

‘a\

NACARM E5?L06

lkss-flowratio,m/mo

(a)Angleofattack,3°.

Figure9.- Performanceofcascadeinlet;free
streamMachnumber,3.05;@le ofattack}S“j

ratioofentrancetothroatarea,1.19.
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Mass-flowratio,in/~

(b)Angleofattack,6°.

FYgure9. - Continued.Performanceofcascade
inlet;freestreamMachnumber,3.05;angleof
attack,6°;ratioof entranceto thrmt area,
1.19.
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Mass-flowratio,m/mo

(c)Angleofattack,-3 .

ELgure 9. - Concluded.Performanc-eof cascadeinlet;free
streamMachnumber,3.05;angle‘ofattack,-3°;ratioof
entrancetothroatarea,1.19.
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(a)Mass-flowratio,0.E17;toti~-~esaureratio,0.36;
angleofattack,@.
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(b)Masa-fIouratio,0.64;totil-~esaureratio,0.26;
angleof attack,6°.

(c)M3ss-fbwratio,0-92;total-presameratio,0.39;
angleof attack,-9.

Fiaure10.- SchlferenPhotcxrarhsof cascadeinlet;tiee
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Passage

Angle W attack, deg

F1.gure12.- Total-pressureandmass-flowvariati.cmwithaagleofattackforthecaa-
cadeinletwithtripleat; freestreamMachnumber,3.03;ratioofemtrauceto
throatarea,1.19.
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(a) Angle of attack, 6°; bottom SJM middle passages critical top passage supercritical;
total pressure ratio, 0.24,

(b) Angle of attack, 3“; W~ss~es critical; to&lpressumtio, 0.27.

(c) Angle of atlxmk, OO; allpassagescritical;

Figure 13. - Total-pressure profile of mitbil.epassage of
angles of attack; free stream klachnuniber,3.05; ratio

* .

totalpressuraratio,0.58.

triple-mit cascade inlet at various
of entrance to throat area, 1.19.
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